Objectives. The purpose of this study was to examine the performance ofpersons with right cerebrovascular accident (RCVA) 
A praxia has been defined as a disorder of the execution of learned movements that cannot be accounted for by weakness, incoordination, sensory loss, or incomprehension of or inattention to commands (Geschwind, 1975) . Within this context, praxis has traditionally been evaluated by haVing the patient perform gestures or actions in response to verbal command or imitation or by haVing the patient use actual objects (Geschwind, 1975; Haaland & Flaherty, 1984; Siev, Freishtat, & Zoltan, 1986) . Research has indicated that persons with left cerebrovascular accident (LCVA) perform more poorly than persons with right cerebrovascular accident (RCVA) or persons without cerebrovascular accident (CVA) on assessments of the ability to perform gestures (Heilman, Rothi, & Valenstein, 1982; Rothi, Heilman, & Watson, 1985) . Gestural performance or production has been studied extensively in persons with left hemisphere brain damage (Alexander, Baker, Naeser, Kaplan, & Palumbo, 1992; DeRenzi, Mo[[i, & Nichelli, 1980; Goodglass & Kaplan, 1963; Haaland & Flaherty, 1984; Heilman et aI., 1982) . Persons with or without aphasia were found to display significant gestural deficiencies in response to both command and imitation tasks although better performance was shown on imitation than on command. Persons without aphasia performed be[[er on imitation tasks than did persons with aphasia (De Renzi et aI., 1980; GoodgJass & Kaplan, 1963) . Although apraxia is often seen in association with aphasia, not all persons with aphasia are apraxic, and apraxia can exist independently of aphasia (Alexander et aI., 1992; Kertesz & Hooper, 1982) .
More recently the conceptualization of apraxia has been broadened: The assessment of praxis is no longer limited to gestural production but includes the recognition and discrimination of gestures (Ayres, 1985; Heilman et aI., 1982; Heilman & Valenstein, 1993; Lennox, Cermak, & Koomar, 1986; Rothi et aI., 1985) . Therefore, a comprehensive evaluation of apraxia should include these additional aspects in order to fully define the extent and degree of the disorder.
Geswre comprehension has been assessed by having the patient watch a Videotape of a gesture being performed (e.g, a person pantomimes with a hammer) and then asking the patient to select a picrure of the pantomimed object from several choices (e.g., corren response is a picture of a hammer) (Varney, 1982) or identify the functional associate of a pantomimed act by indicating which object "went with the gesture" (e.g., correct response is a nail) (Rothi et aI., 1985, p. 209) .
Gesture discrimination has been evaluated by asking the patient to view a videotape of gestures and discriminate between well-performed and poorly performed pantomimed acts (Heilman et aI., 1982) .
The relationship between the comprehension and discrimination of gestures to language and praxis production has been studied in adults with left brain damage.
Subjects who hac! apra'\ia ami aphasj,j had more difficult\, in the discrimination and comprehension of gestures than did subjects who had aphasia but dicl not have apraxia (Heilman et a!., 1982; ROthi et ai, 19H' ) Subjects with right hemisphere brain damage were not included in these studies,
The contribution of the right cerebral hemisphere to praxis has been studied less often than that of the left cerebral hemisphere, even though its possible involvement has long been noted, In 1900, Leipmann wrote, "We will note once and for all that the right hemisphere, too, is involved in rraxis, especially for the left half of the body" (Cited in Rapcask, Ochipa, Beeson, & Rubens, 1993, p. 182). Other studies (Barbieri & DeRenzi, 1988; DeRenzi et ai, 1980) found that 20% to 34% of persons with right hemisphere brain damage did make gestural errors to command and imitation, a finding suggesting that the right cerebral hemisphere does participate in praxis but to a lesser degree than does the left cerebral hemisphere. Roy, Square-Storer, Ho&~, and Adams (1991) found that persons with right brain damage made errors on an apraxia battCJ"y but that these errors appeared to be impairments in producing gestures, especially those with multiple movement patterns. It appears from these studies that the right cerebral hemisphere has a subordinate role in praxis but is substantially involved in the implementation of the motor program within a precise sequence of movements.
The role of the left cerebral hemisphere in gesture recognition, discrimination, and production is well defined, but further exploration is required to determine the role of the right cerebral hemisphere in these functions. Lesions in the right hemisphere resull in various forms of visual perception deficits (Heilman & Valenstein, 1993; Okkema, 1993; Siev et a!., 1986) . Therefore, it is possible that impairments of visual perception may influence the analysis of gestures for comprehension, discrimination and, possibly, production -especially in the imitation condition. Harrington and Haaland (1992) found that in subjects with LCVA, the severity of apr,L~ia was pOSitively correlated with deficits in auditory comprehension, verbal fluency, and visuospatial skills. However, vi~uospatial skills were nOt related to auditory comprehension or verbal fluency, a finding that suggested a separate underlying visuospatial comronent to praxis.
The relevance of this issue to occupational therapists is in the determination of the methods used to evaluate patients for impairments in praxis and the strategies employed for treatment. Therefore, we designed thiS study to further examine the contributions of the right and left cerebral hemispheres in perception and praxis by examining the following hypotheses;
1. Persons with RCVA will perform significantly more poorly than will persons with LCVA on tests of visual perception, and both groups will perform significantly more poorly than will persons without CVA. 2. Persons with LCVA will perform significantly more roorly than will persons with RCVA on tests of praxic rrouuction and gesture comprehension, and both groups will rerform significantly more roorly than will persons without CVA. 3. Persons with RCVA will perform Significantly more poorly than will persons with LCVA on a test of gesture discrimination, and both groups will perform significantly more poorly than will persons without CVA.
Method

Subjects
The sample included 45 subjects, I') subjects in each of three groups; subjects with LCVA, subjects with RCVA, and subjects without CVA (control subjects). Patients who met the criteria for participation and who consented to partiCipate in the study were selected consecutively through admission to two rehabilitation hospitals in Portland, Maine over a P/z-year period. Study criteria for CVA subjects were that the subjects (a) displayed evidence of a unilateral RCVA or LCVA as determined by a computed tomography scan, magnetic resonance imaging, or neurologic evaluation and had no previous neurological history, (b) were right-handed, (c) were 45 years to 75 years of age, (d) had had a stroke at least 2 weeks but no more than 6 months before the study, (e) were oriented and cooperative, and (f) had at least an eighth-grade education. Control subjects were selected from the orthopedic Roor of one of the rehabilitation hospitals anL! met the same criteria as the subjects with CVA for age, handedness, and education These subjects had no known neurological deficits. Data for all subjects are reported in Table 1 .
111strumentation
The measures used in the study were the auditory subtest from the Western Aphasi8 Battery (Kertesz, 1979) , a series of visual-perceptu81 tests, ancl three praxis tests.
The auditory comprehension subtcst of the Western Aphasi8 Battery (Kertesz, 1979) was administered to the subjects to ensure adequate comprehension in order to complete testing. If the subject fai led to meet the scoring criterion on this test, his or her participation in the study would be terminated. To calculate the scores, the number of correct responses from each subject was divided by 20
and then scaled to obwin an aphasia quotient. The m;L~i mum score that could be obtained was 10. Scming of this subtest is based on locus of lesion. For left hemisphereanterior brain lesions, a score of 4.0 or more is required. For left hemisphere-posterior lesions, a score of 7.0 Oi" more is required. For subjects without brain lesions, a score of 9.1 or higher is reqUired. All subjects mer the scoring criterion. Assessments commonly used by occupational rherapists and neuropsychologisrs were used to evaluare the subjecrs' visual perceptual abilities. TheJudgmenr of Line Orientation Tesr, Form li (Benton, Hamsher, Varney, & Spreen, 1983) measures one aspect of spatial thinking. Scores on this tesr range from 0 to 30 and consisr of the number of correct responses ami age and gender corrections as described in rhe test manual. The !VIotor Free Visual Perceptual Tesr (MVPT) (Bouska & Kwatry, 1980) assesses spatial relationships, visual discrimination, figure-ground perceprion, visual closure, and visual memory subskills. The maximum score is 36. The Hooper Visual Organization Test (VOT) (Hooper, 1983) measures performance that is dependent on visual analvsis and synthesis and visuaj organization. The maximum score is 30. The Line Bisection Test (Schenkenberg, Bradford, & Ajax, 1980) measures unilateral visual inattention and uses tOtal percent deviation score. The possible (-ange of scores is -100 to 100, with a positive score indicating a right bias (left neglect), a negative score indicating a left bias, and a score of 0 indicating accurare bisection.
Three pl-a:ds tesrs were administered: a test of gesture production, a [est of gesture comprehension, and a tesr of gesrure discriminarion. The gesture production rest thar was used was rhe Florida AprcL'Cia Screening Tc'st (FAST) (Rothi &. Heilman, 198'5) . The FAST consists of 1'5 7he American journal ur Occupational lherapl' representational gesrures rhat the subject performs in response to verbal command (e.g., "Show me how you would use a hammer"). The subject is then askecl to perform the tasks by imitating rhe examiner. Scoring is basecl on the number of correct responses. A score of9 or fewer indicates apraxia, and a score from 10 to 15 indicates no apraxia.
The Videotaped gesture comprehension test described by Lennox er al. (1988) (based on the work of was reconsrructed for the present srudy because of the poor quality of the original tape. The manner in which the gestures were performed was rerained. However, because of investigator biases, one item rhar portrayed a person smoking was replaced by an alternate item. The videotape depicts a person pretending to use different objects. While Viewing the videotape, the subject points to the correct response in a book depicting four draWings pOSitioned in a vertical format. This test includes 24 items, wirh two levels of 12 irems each. In Level 1, the correct response is the object in the pantomimed act, (e.g., if the pantomimed act is of someone hammering, the correct response is a hammer). In Level II, the correct response is the functional associate of the object in rhe pantomimed act (e.g., ifrhe pantomimed act is of someone hammering, the funCtional associate and correct response is a nail). The four rypes of response choices include the correct response, semantic foil, mororic foil, and neutral foil. The semantic foil is a draWing of an object that could be associared wirh rhe correct object but requires a different action to pantomime its use. The morortc foil represents an objeer with similar motor components but is executed in a different plane. The neutral foil is an unrelared object. Responses are timed, and subjects are given ,I m<Lximum of 15 sec per item. Scoring consists of the number of con-ect responses, with a maximum score of 24.
A Videotaped test of gesrure discrimination developed by Heilman et ' 11. (1982) was reconsrructed for rhe srudy ro reduce rhe number of rest irems and to improve the qualiry of the tape. The videotape portrays wellperformed and poorly performed pantomimed acts of persons using objects. The tesr includes four teaching trial items followed by 24 tesr items containing six separate panromimed acts performed in four different manners: a movement performed correctly, a movement performed with a spatial rotarion, a movement performed with body part as object, and a movement unrelated to the object. While viewing the videotape of a person performing an action, the subject is shown a drawing of an object and askecl to indicate if the action on the videotape is accurate or inaccurare for rhis object. Each item is timed. and subjects are given a maximum of 15 sec. Scoring consists of the number of correct responses, and the m<L'Cilllum score is 24.
To examine rhe validity of this measure, 77 occuparional therapy personnel were asked (0 view each irem and respond as [0 whether the anion was performed correctly or incorrectly. Overall accuracy across items was 94.3%, with a range from 79% [0 100%
Procedure
Once subjects passed the auditory comprehension subtest of the Western Aphasia Battery (Kertesz, 1979) , the mher tests were presented in a semicounterbalanced order, with each subjeer randomly assigned to a set of ordered test presentations. The order of testing was as follows: The FAST (Rmhi always preceded the Videotaped presentation. Videotaped test stimuli (gesture comprehension and gesture discrimination tests) were administered in separate sessions in a counterbalanced order. Tests of similar content including the Line Bisection Test (Schenkenberg, Bradford, & Ajax, 1980) , the Judgment of Line Orientation Test (Benton, Hamsher, Varney, & Spreen, 1983) , the MVPT (Bouska & Kwatry, 1980) , and the VOT (Hooper, 1983) were administered in separate sessions in a counterbalanced order. Separation of similar test materials (e.g., line orientation tests, videotaped test stimuli, Visual-perceptual testing) aided in reducing redundancy of test stimuli, avoiding the practice effect, and alleviating boredom associated with multiple ancl similar test presentations. Testing was conducted in two or three 30-min sessions and was completed within 1 week of the initial contact with the subject. All tests were administered and scorecl on the basis of recommended test procedures as described in the test manuals.
Data Ana~vsis
To examine our hypotheses, contrast analyses were conducted on a one-way analysis of variance, one for each measure of visual perception and praxis with the procedures reponed in Rosenthal and Rosnow (1991) . Contrast analysis proVides an empirical statement that tests the statistical significance that accounts for the variance in the means in the direction or trend of the hypothesis. Contrast analysis was used because there is an increase in statistical power that derives from employing a focused rather than an omnibus test of significance (Rosnow & Rosenthal, 1988) .
In this study, the contrasts (Fx), composed of three subject groups, were set up in such a way that the results obtained from the several groups were compared (or contrasted) with the predictions on the basis of theory and previous empirical findings. Acontrast weight (x) was assigned [0 the ordered levels of each independent variable (i.e., group membership) to define a linear trend in level of performance. The linear trend x's represent a numerical statement of a predicted change in the level of performance as group membership changed.
Effect sizes were calculated to measure the degree of difference as prediered between the mean scores of each of the three groups. Between-group t tests were performed to examine more fuJi)' which group types contributed to the differences. Because t tests increase the risk of Type 1 errors occurring, effect sizes were emphasized.
Results
Perceptual Tests
To examine the hypothesis that persons with RCVA would perform more poorly than would persons with LCVA and persons without CVA on tests of visual perception (Visual Organization Test [Hooper, 1983) (0) and LCVA group (-1). These weights suggest that the RCVA group would have the greatest left inattention, the control group would show little or no inattention, and the LCVA group would show minimal right bias. The contrast analyses demonstrated that the trend in the direerion of the hYPOthesis was significant, thus supporting the hypothesis (see Table 2 for means and standard deviations and contrast Fx). The effect sizes were in the moderate (I' = 0.46) to large range (I' = 0.61).
In addition, between-group t tests for perceptual measures were computed, and effect sizes were calculated (see Table 3 ). With the exception of the line bisection test, the effect sizes across all the remaining perceptual tests showed the largest differences between the RCVA and control group, followed by the LCVA and control group. The smallest differences, although still of moderate magnitude, were found between RCVA and LCVA groups. For the line biseCtion test, the greatest difference was found between the RCVA and LCVA groups, followed by the RCVA and control groups and the LCVA and control groups.
Gesture Comprehension and Praxic Production Tests
To examine the hypothesis that persons with LCVA would perform more poorly than would persons with RCVA on tests of gesture comprehension and praxic production (FAST) and that both groups would perform more poorly than would control subjects, contrast weights were assigned as follows: LCVA group (-1), RCVA group (0), and control group (+ 1). The group means, standard deviations, and contrast analyses are reponed in Table 4 . The contrast analyses were significant for both the FAST (command and imitation) and gesture comprehension test. Effect sizes for the gesture comprehension test and the FAST were moderate (r = Between-group t tests were performed and indicated significant differences between LCVA and control groups on the gesture comprehension and praxic production tests: The LCVA group performed significantly more poorly (see Table 5 )-The effect size was largest between the LCVA and control groups, followed by the RCVA and control groups, and the right and LCVA groups. For praxis measures, the effect sizes for the FAST (ROthi & were of a larger magnitude (r = 023 to r = 070) than for the gesture comprehension test (I' = 0.15 to r = 0.43) (see Table 4 ).
Gestul-e Discrimination Test
To examine the hypothesis that persons with RCVA would perform significantly more poorly than would persons with LCVA and that bOth groups would perform more poorly than persons without CVA on a gesture disTbe American journal 01' Occupational Tbempl' crimination test, a contrast analysis was performed on a one-way analysis of variance with weights assigned as follows: RCVA group (-1), LCVA group (0), and control group (+ 1). The results supported the hypothesis (see Table 4 ). The effect size was of a large magnitude (r = 0.'56). Between-group t tests are reported in Table 5 . The largest difference was between the RCVA and control groups (1' = 0.62). Smaller differences, although still of a moderate magnitude, were found between the LCVA and control groups (1' -= 0.38) and between the RCVA and LCVA groups (r = 0.30). Means and standard deviations for each group are reported in Table 4 .
Discussion
Perception and Praxis
Traditionally, pra..xic deficits have been considered speCific to left cerebral hemisphere damage (Geschwind, 1975) and Visual-perceptual deficits have been considered I)('imarily an indication of right cerebral hemisphere damage (Okkema, 1993 : Sicv et aI, 1986 . This stud" demonstl-ates that on tests of visual perception anu praxic abilities, both persons with RCVA and persons with LCVA perform poorlv when compared to persons without CVA and, on some aspects of praxis (specifically gestUi-e uiscrimination), persons with RCVA perform more poorly than do persons with LeVA. 
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0.25 Because the RCVA group demonstrated deficits in performance on gesture comprehension, gesture discrimination, and praxic production tests, the elements of praxis most likely to be affected bv right brain damage need to be examined. Deficits associated \I'ith right brain damage that may influence the quality of pra.,'{is include visual synrhesis and analysis for interpreting imitation commands, spatial organization and spatial thinking for the production of movements, and unilateral inattenrion for the inrerpretation of imitation and production of movements, Misperceptions of gestures are likely to contribute to an impairmenr in the ability to discriminate between well-performed and poorly performed gestures, On the test of gesture comprehension, the LCVA group performed more poorly than did the RCVA group who in turn performed more poorly than did the control group. hypOthesized that a disruption of visuokinesthetic motor engrams may be responsible for praxic deficits in persons with LCVA In persons with RCVA, gestural disorders may reflect a disruption of body scheme that alters bodily reference and affects the meaningofmovement patterns (Hecaen & Rondot, 1985) This disruption can be observed in the clinic in the case of the patient who is not able to appreciate the therapist's cues needed to correctly perform a specific task and continually makes errors to gestural or demonstrative cues during functional skills training.
In this study, persons with RCVA performed more !Joorly than did persons with LCVA and persons without eVA on tests of visual !Jerception. These findings are in accordance with those of plTvious studies (Heilman & Valenstein, 1993 : Okkema, 1993 Siev et al.. 1986; Smith & Lincoln, 1988) The right cerelxal hemisphere may have superioritv for visuospatial functions, but perceptual deficits of the left cerebral hemisphere may reflect a lack of altelHioll lO detail, dislupted right-left discrimination, and poor complex visual task analysis required for motor planning (Sorod, Carper, Goodglass, & Naeser, 1984; Siev et a1, 1986) In fact, Roy (1983) identified the relationship between praxis and perception and reponed that some patients with apraxia have visual-perceptual deficits Consistent with previous studies in which praxis was found to be a function of the left cerebral hemisphere in right-handed persons (Goodglass & Kaplan, 1963; Heilman & Valenstein, 1993; Kimura & Archibald, 1974) , the LCVA group in this study performed more poorly than did the RCVA and control groups on a test of praxic production (rAST [Rothi & Heilman, 198'5] ). Although the RCVA group was less impaired than the LCVA group, they nonetheless performed more poorly than did the control group.
Other considerations in examining the results of this study include analysis of the perceptual demands reqUired for the comprehension and discrimination of gestures. In a test situation, the demands may not be as exacting as those required in real life. Test situations differ greatly from daily routine where multiple choices and various situations require interactive analysis, responses, and modifications of behaviors to achieve the most efficient motor response to a given situation. There are several limitations to this study. Considerations include the small sample size (which influences [he ability to generalize these results), the order of the tests, and the length of testing sessions. Other considerations include the subjects' attention span and level of concen-[[-ation in response to multiple tests and lengthy test sessions.
Clinical Application
Occupational therapists need to be alen to the possibility of perceptual and praxic problems in patients with stroke, regardless of the side of their lesion, This study has suggested that persons with lesions in either cerebral hemisphere may have visual perceptual or praxic difficulties of varied degree. The assumption that performance traditionally considered to be mediated by the contralesional hemisphere is adequate may not be justified. Indeed, deficits may be present but displayed in different forms, It has been suggested in the literature that the method of instructional style can influence the outcome of treatment and the level of patient participation (TickleDegnen & Rosenthal, 1986) . A patient's response to situations and testing after a stroke cannot be explained solely by knowing the locus of lesion. Responses are influenced by perceptual, cognitive, language, and motor deficits, as well as by previous learning style. For example, it has been suggested that the best method of teaching a person with a left cerebral hemisphere lesion and aphasia may be through visual, nonverbal means, whereas the best methml of teaching a person with a right cerebral hemisphere lesion may he through verbal instruction (Fordyce & Jones, 1966; Trombly, 1989) . As found in this study, visual perceptual and pra..,ic difficulties may result from lesions in either cerebral hemisphere; therefore, it is an oversimplification to dichotomize side of hemispheric lesion and treatment strategy.
Both praxic retraining (Borod, Fitzpatrick, HelmEstabrooks, & Goodglass, 1989; Miller, 1986) and perceptual retraining (Neistadt, 1988; Okkema, 1993; Siev et aI., 1986) may be beneficial for the patient who has difficult)' comprehending or discriminating gestures usecl by the therapist or who has difficulty producing gestlll'es to communicate. Several interventions of praxic and perceptual retraining are available to the clinician and have been described in the literature (Affolter. Adapting the environment and task and varying the type of cuing and the practice demands and conditions in which the task is performed are strategies for promoting successful patient performance (Goodgold-Edwards & Cermak, 1990; Neis[adt, 1988; Toglia, 1991) .
The efficacy of the praxic and perceptual retraining methods suggested above needs further investigation. An in-depth analysis of visual perceptual skills reqUired for praxis would assist in clarifying the role and function of the right cerebral hemisphere in the motor planning process. Similarly, further analysis and documentation of the error types produced by persons with RCVA and persons with LCVA would proVide valuable information toward a better understanding of praxis. A
